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Abstract—Assessment of new diagnostic tests should be carried out in a population with 
suspicion of disease. This ‘indicated' population may comprise all patients for whom the 
target disease is part of the differential diagnosis. To investigate this empirically, data 
from a study on ultrasonography for scrotal pathology diagnosis was used for 
assessment of ultrasonography for epididymitis. The population could be selected 
according to several inclusion criteria, varying from patients with epididymitis mimick­
ing diseases in their differential diagnosis, to patients with only epididymitis mentioned 
in their differentia! diagnosis. Different methods of population gathering led to large 
variations in the test characteristics of ultrasonography (sensitivity 76-83%, specificity 
79-97%, prevalence of epididymitis for test-negative patients 56-5%). These results 
suggest selection bias depending on the true disease status. We advocate prospective 
assessment studies in populations with disease suspicion, as defined by signs, symptoms 
and complaints. Constituting an indicated population from an existing file of retrospec­
tively gathered data may pose problems.
Ultrasonography Epididymitis Referral Assessment study Diagnostic 
test Test characteristics
INTRODUCTION clinical practice differs from the study popu­
lation on which test indices are initially based. 
Prior to the introduction of a new test in routine This has major impucations for the test indices,
clinical practice, its sensitivity and specificity are since these are dependent on the patient char-
acteristics of the population in which they
are determined [2]. Accordingly, the study 
are compaied with those of healthy people, population should be constituted of patients
In clinical practice, however, the test is used SUspected of having the disease which the test 
in patients with certain complaints, symptoms
and signs to distinguish between presence and
traditionally determined as validity measures 
[1]. Usually, test results of diagnosed patients
is supposed to diagnose, the so-called 'indi­
cated’ population. An indicated population 
absence of disease. In such a patient population, mjght comprise all patients whose differential
absence of disease is often not equivalent diagnosis includes the target disease, 
to healthy . Thus, the patient population in Although this is easy to understand in theory,
the gathering of the actual indicated population 
in daily practice poses particular problems. In 
prospective studies it may be relatively easy to
*Author for correspondence at; Department of Epide­
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define the population eligibility criteria based on 
complaints, symptoms, signs, etc. However, the 
main disadvantage of these follow-up studies 
is the enormous amount of work that has to 
be carried out over a prolonged period of time 
before enough patients have been enrolled. 
It would therefore be convenient if existing 
data files could be used to select an indicated
lation, in which the diagnostic power of a test is 
to be studied.
The diagnostic power of a test is expressed by 
its sensitivity, specificity and/or likelihood ratio 
of a positive or a negative test result (LR + and 
LR —). As is well-known, sensitivity and specifi­
city, and thus LR + , are susceptible to bias, 
such as verification, diagnostic-review, test-
population. Unfortunately, in patient records, review and incorporation bias [3-5]. However,
information on the presence of complaints, it has been appreciated that, as long as this bias
symptoms and signs is not consistently reported, occurs independently of the true disease status
The reason for testing might be another useful of the patient, the prevalence of disease in the
criterion in selecting the adequate population, test result categories remains unbiased [6, 7]
but in many cases such information is not 
registered either, as has been noticed previously
(see Fig. 1). Therefore, we studied not only 
the sensitivity and specificity, but also the
[2]. We considered the differential diagnosis as prevalence of disease for each test result cat- 
registered in routinely kept patient records a egory. Table 1 shows the contingency table from 
potential new entrance to the indicated popu- which they can be derived.
Disease Disease
+ +
+
A B i i r«A r>B
Test Test
m*
C D r<!
T - r.C I'D
Sens A Sens*
r,A
A +c r,A + r C
Spec = 0
B + D Spec* =
r_D D
rß + rD r+
8 + D
PV' =
A + S
r+A
rA + rB A + B
pv~ - D
C + D PV~* =
r.D D
rJD + r_D C + D
Sens = proportion of patients with a positive test result 
Spec = proportion of non-patients with a negative test result 
PV+ = proportion test-positives who are patients 
PV' = proportion test-negatives who are non-patients 
r+ *  referral rate for patients with a positive test result 
r_ = referral rate for patients with a negative test result 
★
denotes situation after referral
Fig. 1. Sensitivity and specificity, positive and negative predictive value in the initial and the referred 
population after referral dependent on the test result and independent of disease status [6,7].
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Table 1. General contingency table for calculation of test
parameters
Disease 
Present Absent
Test result
Positive a b a + b
Negative c d C +i/
a -f c h+ d TV
Sensitivity: proportion of diseased with positive test result 
= a ¡{a -f c).
Specificity: proportion of noivdiseased with negative test 
result — d/(b + d).
Likelihood ratio of positive test result -a ¡{a + c):b/{b + d).
Likelihood ratio of negative test result — c/(a + c): 
d/(b+d).
Prevalence of disease for test-positive patients = a/{a
Prevalence of disease for test-negative patients = c/(c +d).
firmation of the diagnosis epididymitis were 
adequate reaction to antibiotics, i.e. reduction 
of pain and swelling.
Epididymo-orchitis and epididymitis were 
regarded as the same disease entity and indi­
cated as epididymitis in this paper, because the 
difference is often difficult to perceive. Epi­
didymitis is seen as a precursor of epididymo- 
orchitis and the therapeutic consequences are 
the same [9].
To investigate the value of the differential 
diagnosis as a potential entrance to the indi­
cated population, we tried to select patients, 
suspected of having epididymitis according to 
their differential diagnosis as registered in the 
medical records. All patients with epididymitis 
(or epididymo-orchitis) were selected, This 
resulted in a selection of 73 out of 382 patients. 
By realizing that often only one disease was 
indicated in the differential diagnosis, it was 
considered possible that patients with testicular 
torsion or testicular malignancy in their differ­
ential diagnosis also had to be included in 
the selection, as these pathologies are most 
frequently misdiagnosed as epididymitis. This 
gathering strategy resulted in 108 patients. It 
was suggested that the selection criteria should 
be extended to all diseases that might mimic 
epididymitis, so the next selection also included 
patients with spematocele, hydrocele, orchitis 
Enrolled in the original study were 483 and testis or epididymis absccsses. This resulted 
consecutive patients with clinical suspicion of in 183 patients. To investigate to what extent 
scrotal pathology. They were referred to the different eligibility criteria influence the results 
Department of Diagnostic Radiology of the of assessment studies, the sensitivity, specificity
The aim of the present study is to investigate 
whether the differential diagnosis as registered 
directly in an existing data file could be used as 
an entrance to the indicated population. This 
exploration is applied in the assessment of the 
diagnostic power of ultrasonography for epi­
didymitis. Data was available from an assess­
ment study of ultrasonography for various 
scrotal pathology [8] and comprised the ultra­
sonography test results, the differential and final 
diagnosis.
MATERIALS AND METHODS
University Hospital in Nijmegen by urologists 
and pediatric surgeons. Information on differ­
ential diagnoses, the final diagnosis and the 
ultrasonography results was available from 
the medical records for 411 patients, who were 
included in the present study. In nineteen
and LR+ of ultrasonography, and the preva­
lences of epididymitis for patients with positive 
and negative ultrasonography results were 
calculated for each selection of patients. The 
parameters were also calculated for the entire 
patient group with scrotal pathology (n — 382),
patients the disease was considered to be cured i.e. including patients who were not particularly 
at the time of the ultrasonography. For the suspected of having epididymis pathology, 
purpose of clarity, these patients were excluded 
from all analyses. Another 20 patients had had 
an epididymectomy or an epididymo-orchidec- 
tomy in the past and were also excluded from 
the analyses, since in these patients epididymitis 
can neither occur nor be a serious consideration.
RESULTS
A total number of 382 scrotal diseases were 
investigated in 372 patients. Age ranged from 
0 to 78 years, mean age was 38 years (SD 16 
Ten patients had problems on both sides of years). Mean ages were different for various 
their body and they were counted twice in the diagnostic categories. Table 2 presents the final 
analyses. Final diagnoses for 382 problems in diagnoses in the population.
372 patients were confirmed by phlebography Table 3 shows the prevalence of epididymitis,
(2.7%), during surgery (8.1%)), by histological the sensitivity, specificity and prevalences of 
examination (11.0%) or by clinical follow-up epididymitis for patients with positive and nega- 
(78.2%). Clinical follow-up criteria for con- tive ultrasonography results for the four applied
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Table 2. Final diagnoses for all 382 problems in the patient
population
DISCUSSION
The presented results show that different 
procedures in patient gathering, based on the 
differential diagnosis, can result in substantial 
differences in the outcome of the assessment, 
It might be expected that the prevalence of 
the disease will decrease at each selection step, 
since the criteria for eligibility became less rigid 
with each step. However, not only the preva­
lence of the disease in question in the patient 
population changes, but so does the compo­
sition of the patient groups with respect to their 
symptoms and signs, disease severity and diag­
nostic test results. The often described model 
postulating a constant sensitivity and specificity 
of a test is clearly untenable. This phenomenon 
has already been recognized by various authors 
[3,10,11] and a number of studies into the 
effects of selection bias on sensitivity and specifi­
city have been carried out, using hypothetical 
examples [12, 13], computer simulations [14] or 
data from clinical practice [15-18], However, 
most authors concentrate on selection in the 
patients after they have been diagnosed, instead 
of the selection of eligible patients for assess­
ment studies.
As previously mentioned, selection of patients 
selections of patients. The prevalence of epi- for referral or disease verification that is only 
didymitis decreases with decreasing severity dependent on diagnostic test results or symp-
Problem N Subtotal
No abnormalities 114 114
Scrotal edema 1
Scrotal lymphedema 1
Other scrotal pathology 2 4
Hydrocele 28
Haematocele 1 29
Testis in inguinal channel 3
Testis atrophy 10
Testis infarction 2
Orchitis 6
Epididymo-orchitis 9
Primary testis tumor 17
Testis lymphoma 1
Testicular torsion 8
Testiculith 1
Other testicular abnormalities 11 68
Epididymitis 79
Epididymis abscess 4
Epididymis cyst 38
Other epididymis abnormalities 3 124
Appendicular torsion 6
Varicocele 29
Intrascrotal space taking process 2
Haematoma 4
Other 2 43
Total 382 382
of the population restriction. It is clear that 
with a decreasingly severe restriction of 
the population, the test properties change 
markedly. The traditional parameters of sensi­
tivity and specificity both ameliorate. The sensi­
tivity increases from 76 to 83%, and specificity 
increases from 79 to 97%. The LR+ increases 
considerably from 4 to 28, In our data the 
prevalence of epididymitis for test-positive 
patients remains fairly stable at approx. 45%.
The prevalence of epididymitis for test-negative 
patients changes most notably, decreasing is a change of almost all test characteristics.
toms and is independent of the true disease 
status only results in changes of the sensitivity 
and specificity, one increasing at the expense of 
the other, whilst the predictive values of the 
test or the disease prevalences in various test 
result categories remain constant [6, 7]. An illus­
tration of this is given in Fig. 1. As patients 
with positive test results are more likely to be 
referred, sensitivity and LR-f generally increase 
whereas specificity and L R — decrease [4].
What we see happening in our empirical data
to one tenth of the original value, from 56 to 
5%.
The amelioration of the specificity along the 
relaxation of the criteria for the differential
Table 3. Sensitivity (Sens), specificity (Spec), LR+ and prevalence (Prev) of epididymitis for test-positive (Prev + ) and 
test-negative (Prev — ) patients regarding ultrasonography for epididymitis in different selections of patients
Selection
Prev
(%)
Sens
(%) LR-t-
Spec
(%)
Prev-f-
(%)
Prev — 
(%)
Epididymitis or epididymo-orchitis in differential diagnosis 
(n = 73)
81 76 4 79 94 56
Epididymitis epididymo-orchitis, testicular torsion or 
testicular carcinoma in differential diagnosis (h = 108)
57 77 6 87 89 26
Epididymitis, epididymo-orchitis, testicular torsion, testicular 
carcinoma, spermatocele, hydrocele, orchitis, testis or 
epididymis abscesses in differential diagnosis (n = 183)
39 81
*
16 95 91 12
All patients (n = 382) 23 83 28 97 89 5
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diagnosis is in accordance with the theory of 
selection based exclusively on test results or 
symptoms, as is the constancy of the prevalence 
of epididymitis for patients with positive test 
results. However, the sensitivity also increased, 
which was not to be expected from this theory. 
It is, though, suggestive of selection on the true 
disease status of patients, as is the decrease of 
the prevalence of disease for patients with nega­
tive test results. From the results it appears that 
patients with positive test results were selected 
on the basis of their test result, and indepen­
dently of their true disease status. However, 
patients with negative test results appear to have 
been selected in some unknown way that corre­
lated with the true disease status. This is illus­
trated in Table 4, which shows the percentage of 
selected patients from each cell of the original 
fourfold tables and for each step in the selection 
process.
What might have happened with the patients 
in the present study is that those with scrotal 
complaints, clear or positive signs, symptoms or 
test results were directly selected for entrance in 
the large study of ultrasonography assessment 
for scrotal pathology. Patients with less clear, 
or negative features will have received normal 
clinical care. Probably, for a number of them, 
clinical follow-up will have shown that they 
were yet suffering from some scrotal disease. 
Their differential diagnosis will have been 
adjusted, or now for the first time a differential 
diagnosis-list will have been made, and they will 
also have been selected for the study.
The consequences of such selection patterns 
for assessment studies are obvious. Unfortu­
nately, this study makes it unlikely that retro­
spective selection of an indicated population 
that comprises patients suspected of having the
disease at issue, can be reliably made on the 
basis of the differential diagnosis. In the original 
investigation, an attempt was made to gather 
information on clinical symptoms, signs, physi­
cal examination and results of other diagnostic 
tests retrospectively. These are the more pri­
mary data, whereas the differential diagnosis 
is subjective and may differ considerably, de­
pending on how individual clinicians choose to 
frame the problem. Unfortunately, this infor­
mation was not reported consistently in the 
patient records. This problem is often encoun­
tered in studies using data that are routinely 
gathered in clinical practice. Some practitioners 
report both the presence and the absence 
of patient characteristics, others report only 
their presence. Moreover, there is no standard­
ized protocol indicating which characteristics 
are important to document for which disease. 
Finally, selection on the true disease status 
makes it impossible to adjust sensitivity and 
specificity for selection, since the available 
adjustment procedure assumes selection de­
pending on test results and independent of 
the disease status [16]. As a consequence, retro­
spective studies using routinely kept data for the 
purpose of diagnostic test assessment will lead 
to invalid gathering of the indicated patient 
population.
Another problem in this and many other 
assessment studies is the large number of 
patients for whom disease presence is verified by 
clinical follow-up instead of direct pathologic 
inspection. It is likely that the ultrasound find­
ings have influenced the decisions of physicians 
on clinical follow-up. Although it is extremely 
difficult to have all study participants subjected 
to a definitive verification method, this paper
Table 4. Selection probabilities for patients in each cell and marginal of the initial or previous fourfoid table
Selection step 1* Selection step 2+ Selection step 3J
Epididymitis Epididymitis Epididymitis
Yes
(%)
No
(%)
Yes
(%)
No
(%)
Yes
(%)
No
(%)
Ultrasound
*
•
pos. i 79 67 1 78% !
I
83
t
100 !
+
»
84% 1 94
4
50 !
4
89%
result neg. ; 93
•
»
37 ! 
1 
1 
1
40% I 
« 
4 
1
100 38 ! 
• 
• 
t
45% I 
t 
*
100 28 1 
4 
♦ 
»
46%
82 38 48% 86 41 59% 95 30 68%
*Fraction of patients with epididymitis or epididymo-orchitis from patients with epididymitis, epididymo-orchitis, testicular 
torsion or testicular carcinoma. 
fFraction of patients with epididymitis, epididymo-orchitis, testicular torsion or testicular carcinoma in differential 
diagnosis from patients selected in all epididymis mimicking diseases.
^Fraction of patients with epididymitis, epididymo-orchitis, testicular torsion, testicular carcinoma or other epididymitis 
mimicking diseases in differential diagnosis of entire patient group.
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shows the importance of this for valid assess­
ment results.
In conclusion, assessment studies in an indi­
cated population should be prospective studies, 
because the gathering of the eligible population 
cannot be made reliably from existing data, 
unless signs, symptoms and complaints are 
gathered consistently. Such a method of data 
gathering will be very difficult to implement in 
daily clinical practice because of the amount of 
work involved.
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